International Journal of Therapies and Rehabilitation Research electromyographic records (EMG) of the anterior tibialis, rectus and biceps femoris muscles of 11 healthy subjects during isokinetic tests. 11 There was overflow of the anterior tibialis muscle for the ipsilateral and contra lateral rectus femoris. Moreover, the EMG evoked through overflow was directly dependent of the angular speed of the exercised joint. Similarly, Shimura and Kasai (2002) compared EMG and evoked potentials of seven healthy subjects during movements initiated in neutral position versus PNF position. 12 The findings had been favorable to the PNF proposals, since the electromyographic activity increased and the reaction time and the latency of the evoked potentials decreased.
The overflow or irradiation is defined as the propagation of synergic muscle co-activations proceeding from a resisted movement. 11 Such propagation could result in facilitation or inhibition during specific movements. 3, 4, 13 In the facilitation sense, Adamson et al. (2008) suggested that the overflow migrates through the strongest muscle groups to the homologous muscles or any another body segment from proprioceptive inputs. 14 Manual resistance is the most powerful and effective to produce overflow increasing the muscle recruitment and conscience of movement and strength. 3, 15 Of the biomechanical point of view, the overflow would be resulted of a body persecution to stability, having as consequence a broad variability of motor behaviors, according to individual conditions. 16 Few studies are devoted to overflow in comparison to the popularity of its use in the clinical practice. The majority of the scientific basis about overflow with the PNF has been produced about thirty years ago. 13, 16 In those studies, exercises made without resistance do not result overflow in healthy individuals. Pink (1981) submitted ten women to the PNF and verified increase of EMG in the non-exercised segment. It was not found predilection of activation to agonists or antagonistic muscles. The increase of EMG was understood as a stabilizing activity, mainly of the latissimus dorsi muscle. 16 For hemiparetics condition, the overflow was observed after resisted exercises in the non-paretic side evoked EMG in the paretic side, 17 but this is not observed in recently study. 18 So, it is possible to note the importance to test and discover more about the overflow phenomena because of its clinical potential. The findings of such a study could contribute as an insight to the treatment of several injuries, in which, some part of body or even some muscles, are not possible to move or contract by themselves.
In the present study, it was tested the hypothesis that healthy subjects present electromyographic activity in unexercised upper limbs during the PNF irradiation technique applied in contralateral lower limb. Also, we hypothesized that contralateral upper limb muscle recruitment would be rise above free voluntary movement. Therefore, the aim of this study was to investigate the occurrence and duration of the overflow from lower to upper limbs.
Material and Methods
The study involved a convenience sample with sixteen young volunteers subjects (8 men and 8 
Procedures and Data acquisition
EMG activity was recorded bilaterally in supine position and the left lower limb was supported with 90º of hip and knee flexion, 10º of internal rotation of hip. Goniometric measurement was carried before and after each EMG record to guarantee the maintenance of the described position. Electromyography records were collected in the following conditions:
•1-rest (upper limbs in neutral position).
•2-right upper limb free diagonal (extension -adduction -internal rotation -with extension of elbow). 
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Results
The median values of the RMS and the quartiles (25%-75%) of EMG monitored in different conditions are shown in Table 1 .
The condition 2 presented larger EMG activity of the RAD, RPD, RPT and LPT (p<0.05) compared to condition 1, while the others muscles presented similar EMG activity (p>0.097). The condition 3 reveled larger EMG activity of the muscles RPD, REO, LAD, LPD, LPT and LEO (p<0.05) compared to condition 2, and the others muscles were similar (p>0.147).
The condition 4 showed the highest EMG activity of the muscles REO and LEO, but lower EMG activity of the muscles RPT, LAD and LPD (p<0.05) compared the condition 2, while others muscles presented similar EMG activity (p>0.108).
The condition 5a, presented larger EMG activity just to REO muscle (p<0.05) compared to condition 2, while the others muscles were similar (p>0.325).
The condition 5b reveled larger EMG activity for RAD and RPD muscles and lower EMG activity of the RPT and LEO muscles compared the condition 5a (p<0.05), and the others muscles were similar (p>0.078). Finally, all muscles of the condition 5c were similar to condition 5a (p>0.062).
Discussion
Our results support the initial hypothesis since the overflow was observed during the diagonal of PNF even in healthy subjects of the present sample. The aim of the study was also reached, as we showed the occurrence of overflow, specially and more intense when the upper limb perform the free diagonal at the same time of the isometric contraction of lower limb (condition 3) and also when the upper limb had a point of attachment during isometric contraction of lower limb (condition 4) for REO and LEO muscles.
About the duration of the overflow effect a surprise result was found: after 3 seconds of the isometric contraction of lower limb, REO increased its activity. Also RAD and RPD, increased their activities, comparing 3 to 6 seconds, after the isometric contraction be done. So, although little, it seems that exist a residual effect of the overflow phenomena that disappears between 6 and 9 seconds.
Overflow was one of less described techniques of PNF with specific scientific evidences. The approach of Pink (1981) was different of the present study because its investigation focused overflow in upper limbs instead upper and lower limbs. 16 With respect to the 
Underling mechanisms to the overflow Neural Mechanisms:
There is no consensus about the mechanisms that promote the overflow/irradiation. A hypothesis would be of neural and central resource. Kristeva et al (1991) evidenced that unilateral voluntary movement also involved contra lateral cortical activity. 20 Tracing a parallel to crossed-training effect studies, in which there are evidences of contralateral reinforcement in the absence of movement, 22 it is reasonable that PNF modifies the neural excitability. Facilitation could occur due to reduced co-activation of the antagonist and this could be registered by needle electrodes. 23 Also, it could occurred facilitation due an increased motor units synchronization discharges. 24 The only study that verified spinal excitability after 5 weeks of isometric contralateral training failed to find changes in the H reflex amplitude. 25 Thus, the spinal reflexes contribution on the contra lateral strengthening to a trained limb seems remote. Although, Lagerquist Zehr and Docherty (2006) suggest supraspinal mechanisms 25 and the overflow as a product of inter-hemispheretic disinhibition, for example in hemiparetic. 26 However, surpassing correlation from our overflow/irradiation data to these electrophysiological studies is speculation.
Reasonable explanation for the irradiation could be related to the corticospinal tract anatomy. In animals, approximately 10% of the corticospinal fibers descend ipsilaterally. 27 The data of the present study, as well as those presented by Pink (1980) 16 suggest that the overflow are not restricted to the homologous muscles. So, another factors of biomechanics resource must be contribute for the registered muscular activation.
Biomechanical factors
In the majority of the tested conditions, obliquous muscle was active.
The PNF pattern used in our study involves flexion, adduction, external rotation, knee flexion and dorsiflexion. The most powerful muscle of this pattern is psoas illiac 3, 4 and its contraction has repercussion on the other segments, particularly the lumbar spine.
With origin in the vertebrae bodies of the twelfth until the fifth lumbar vertebrae and insertion on the vertex of minor trochanter of femur, psoas iliac has a powerful action on the lumbar spine, eliciting lumbar hyperlordosis and pelvis anteversion in the dorsal decubitus. To counterbalance such action, abdominal muscles activation stabilizes the trunk.
Axial stability managed by the central nervous system implies in abdominis, obliquous and multifidus contraction. According to Kumar et al (2002) the superficial layer of external obliquous muscles, analyzed in our study, initiates and keeps axial rotation associated by trunk flexion to the contra lateral lower limb direction. 37 Then, this explains the increased activity of obliquous muscles during the PNF in lower limb (conditions 3 and 4).
Increased EMG in the non-exercised segment (upper limb) seems to be to keep body stability (condition 3). The RPD activity is increased when the trunk rotation occurs ipsilateral to the movement, reflecting co activation. 38 Such co activation already would be the effect of the overflow caused by lower limb isometric contraction, as synergic and stabilizing action.
How long lasts the effect of the overflow?
Another question without definition is the time effect of the irradiation. Although this technique does not result in tremendous levels of muscle activity in healthy individuals, our results showed that just REO presented larger EMG activity at 3 seconds (condition 5a), but at 6 seconds (condition 5b) showed that ipsilateral muscles were more active. This suggests that between 3 and 6 seconds could be a residual effect of the overflow. Nevertheless, it is possible that the EMG variability could be lead for this result. It is important to mention that some pathological conditions promote impaired neuromuscular control and different behaviour of the irradiation could occur. Future studies could explore the effectiveness of the technique over different diseases, and verify if protocols of training with overflow are capable to precipitate peripheral adaptations as strengthening. The point of prominence of this study is the increase of the muscle activity ipsilateral and contra lateral to the segment that worked in isometric form in healthy individuals.
Conclusion
Based on the present results, the irradiation technique is detectable, considering the desirable interferences of the positioning to elicit muscle responses at distance, ipsilateral and contralateral to the stimulus. We found overflow mainly during the execution of Clinically, it can be used to facilitate muscle contraction when there is some impediment in exercising a body segment.
